Recently, the mobile communication industry is moving rapidly towards long-term evolution (LTE) systems. LTE aims to provide improved service quality over 3G systems in terms of throughput, spectral efficiency, latency, and peak data rate, and MIMO technique is one of the key enablers of the LTE system for achieving these diverse goals. Among several operational modes of MIMO, multiuser MIMO (MU-MIMO) in which the base station transmits multiple streams to multiple users, has received much attention as a way for achieving improvement in performance. In this paper we present a Multiuser MIMO-OFDM-based simulator that includes the main physical layer functionalities and calculate the throughput of LTE Frequency Division Duplex (FDD) and Time Division Duplex (TDD) systems. The simulator has been used to evaluate the performance of the 3GPP Long-Term Evolution (LTE) technology.
Introduction
LTE is one of the most promising wirelesses-technology platforms for the future. The version being deployed today is just the beginning of a series of innovations that will increase performance, efficiency, and capabilities. To address the growing mobile broadband demand, the 3 GPP standards body released the next technological step, Long Term Evolution (LTE) [1] [2] . LTE is designed to substantially improve end-user throughputs, increase sector capacity and reduce user plane latency. Among many features in the LTE which supports up to 3Gbps throughput in downlink, Multi user multiple-input-multiple-output (MU-MIMO) scheme has been identified as one of the key enablers for achieving a high spectral efficiency. Both in theory and design perspectives, MU-MIMO systems have several unique features distinct from single user MIMO (SU-MIMO) systems [3] . To make up for the shortcomings of SU-MIMO, early LTE [4] 
With the assumption that the interference terms in (2) are Gaussian and independent, from the information-theoretic viewpoint, the achievable aggregate rate for user m, which is denoted as m υ , becomes
Therefore, the system throughput is
Maximum Throughput with Maximum Bandwidth
For any system throughput is calculated as symbols per second. Further it is converted into bits per second depending on the how many bits a symbol can carry. [7] system with 4 × 4 MIMO (4T4R) the throughput will be four times of single chain throughput. i.e. 403.2 Mbps. Many simulations and studies show that there is 25% of overhead used for Controlling and signalling. So the effective throughput will be 300 Mbps. The 300 Mbps number is for downlink and not valid for uplink. In uplink we have only one transmit chain at UE end. So with 20 MHz we can get Maximum of 100.8 Mbps as calculation shown above. After considering 25% of overhead we get 75 Mbps in uplink. This is the way how we get the number of throughput 300 Mbps for Downlink and 75 Mbps for Uplink shown everywhere.
Duplex Schemes
Spectrum flexibility is one of the key features of LTE. In addition to the flexibility in transmission bandwidth, LTE also supports operation in both paired and unpaired spectrum by supporting both FDD-and TDD-based duplex operation with the time frequency structures. Although the time-domain structure is, in most respects, the same for FDD and TDD, there are some differences, most notably the presence of a special sub frame in the case of TDD. The special sub frame is used to provide the necessary guard time for downlink-uplink switching shown in Table 1 .
DL and UL Throughput Calculation for LTE FDD
The FDD system has a paired spectrum, same bandwidth for Downlink as well as for Uplink. 
LTE TDD and Its Frame Structure
Before starting throughput calculation, let's become familiar with LTE-TDD [6] . As stated earlier, TDD is unpaired spectrum. We have to use same bandwidth for DL and UL on time sharing basis. Suppose if we have 20 MHz spectrum, we have to use this 20 MHz bandwidth for both DL and UL.LTE TDD frame structure is shown in Figure 1 . The TD frame consists of Downlink sub frame, Uplink and Special sub frame. There are seven possible configurations for LTE TDD frame as shown below. Here D-is downlink, S-for Special sub frame and U-for Uplink. As shown 5 ms periodicity frame have two "S" sub frame and 10 ms frames have only one "S" sub frame.
Special sub frame has 9 different configurations [8] . A special sub frame is divided into Downlink Pilot Time Slot (DwPTS), Guard Period (GP) and Uplink Pilot Time Slot (UpPTS) depending upon the number of symbols. 
DL and UL Throughput Calculations for LTE TDD
TDD system throughput calculations are somewhat complex as compared to FDD system as same spectrum is used by uplink, downlink and for the guard period (Used for transition from downlink to uplink) [9] . 
Conclusion
In this paper, we discussed about LTE system throughput calculation for both TDD and FDD system. 3 GPP LTE technology support both TDD and FDD multiplexing. The paper describes all the factors which affect the throughput like Bandwidth, Modulation, UE category and multiplexing. It also describes how we get throughput 300 Mbps in DL and 75 Mbps in UL and what are assumptions taken to calculate the same. Paper describes the steps and formulae to calculate the throughput for FDD system for TDD Configuration 1 and Configuration 2.
